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Algal strains and culture. Pleurochrysis carterae CCMP645, Isochrysis galbana RCC1353, and
Emiliania huxleyi CCMP2090 were grown in artificial seawater medium composed of major salts of Standard Ocean Water medium, F/2 nutrient and trace metal solution, and vitamins identical to those of the medium, at 18 °C and 12 h/12 h light/dark cycle. Chlamydomonas reinhardtii cc620 and cw15 were grown in Tris-acetate-phosphate (TAP) medium (1) ). Late logarithmic phase cultures were used for microscopy.
Synthetic materials.
A reference material for the cryoSXT spectro-microscopy was synthetic CapolyP. Synthetic long-chain polyphosphate p700 (Kerafast, USA) was dissolved in water to yield 1M stock solution. In an Eppendorf tube, 80 µL Milli-Q grade H 2 O was mixed with 10 µL of 1M CaCl 2 and 10 µL of the polyP stock solution. A whitish precipitate was formed instantaneously upon mixing. 3 µL of the solution with the precipitate were placed on a Quantifoil grid, blotted dry, and plunge frozen as described below.
cryoSXT and spectro-microscopy. P. carterae cells were decalcified in the medium by the addition of EDTA solution to a concentration of 10 mM. After a few minutes, the cells were collected by centrifugation, the EDTA-medium removed, and fresh medium added. Cells were allowed to resume coccolith formation for 4 h. 4 µL cell culture and 1 µL of a 150 nm gold nanoparticles (BBI, UK) were placed together on top of Quantifoil holey film copper TEM grids (Quantifoil, Germany). The gold particles served as fiducial markers for the projections alignment of the tomographic reconstruction. The sample was placed in a humidified chamber, manually blotted, and plunge-frozen in liquid ethane using a Cryoplunge™ 3 system (Gatan Inc., USA). Xray imaging was performed at the MISTRAL beamline (ALBA Synchrotron, Barcelona, Spain). A tilt series at 520 eV X-ray energy was collected in order to allow a 3D volume reconstruction of cells and their internal structures. The tilt series consisted of 121 -131 images taken at one degree intervals. Exposure time was 1 -2 seconds to maximize signal-to-noise level and minimize radiation damage. The datasets were acquired using a zone plate objective lens with an outermost zone width of ∆rn = 40 nm. The effective pixel size in the images was 11.8 nm. The projection images were normalized using flat-field images of 1 s exposure (incoming flux delivered by the capillary condenser lens) and corrected for changes in the e-beam current. Alignment and reconstruction of the tilt-series was done with IMOD. For tomogram reconstruction, the simultaneous iterative reconstruction technique was used. The visualization and segmentation of the final volumes were carried out using the software Amira 3D (FEI, USA). Energy-scan series around the Ca L2,3-edge followed the tilt-series. In an energy scan, the same field of view was repeatedly imaged under changing X-ray energies starting at 344 eV and going up to 360 eV in 0.1 eV steps, which is approximately half the energy resolution of the beamline for the used slits configuration. The objective zone plate lens and the CCD detector positions were automatically adjusted to maintain focus and constant magnification. Ca-PolyP precipitates were used as standards for the calibration of the absolute value of the energy. The extraction of a XANES spectrum for a specific area in the image was done by plotting the averaged intensity of pixels in this area as a function of the energy at which the image was taken. Calcium localization in the samples was done by subtracting an image taken at 342 eV (before the Ca L-edge) from an image taken at 353.2 eV (at the peak of the second white line of the Ca L-edge). The contrast in the difference image is dominated by areas containing substantial Ca content. In order to exclude a possible radiation damage that can affect the spectroscopic features of the Ca atoms, a second energy scan was conducted after the first one. The identical spectra in both scans confirmed that the irradiation did not affect the Ca local structure. The combination of Ca absorption at a specific location and the 3D data on the geometry of the Ca rich bodies enabled the estimation of Ca concentration from the acquired data. cryoSEM and EDS. P. carterae cells were decalcified as described above. After 4 hours, the cells were pelleted at 1000 g for 3 minutes, and the cell pellet was re-suspended in 20 μL of seawater that contained 10 % Dextran from Leuconostoc spp. M r 450,000-600,000 (Sigma-Aldrich). 2 μL of the cell suspension was sandwiched between two metal discs (3-mm diameter, 0.1-mm cavities) and high-pressure frozen (using HPM10; Bal-Tec). The frozen samples were transferred under cryogenic conditions to a freeze-fracture device (BAF 60; Leica Microsystems). Samples were observed at −120 °C in an Ultra 55 SEM (Zeiss) by using a secondary electron in-lens detector and a backscattered electron in-lens detector. The samples were first imaged uncoated, followed by a 2.5 nm platinum/carbon coating by double-axis rotary shadowing, for the EDS analysis. Movie S1. Three-dimensional reconstruction of a Pleurochrysis carterae cell from a tomogram obtained by X-ray cryotomography. Tour through the tomographic volume of a vitrified cell, followed by 3D segmentation of the chloroplast (green), nucleus (purple), a large vacuole-like compartment (brown), lipid bodies (yellow), coccoliths (blue), vesicles (grey), and Ca-rich bodies (red).
Movie S2. Three-dimensional reconstruction of a Chlamydomonas reinhardtii cell from a tomogram obtained by X-ray cryotomography. Tour through the tomographic volume of a vitrified cell, followed by 3D segmentation of the chloroplast (green), the pyrenoid (dark green), nucleus (pink), and the acidocalcisomes (red).
